moiety appeared as a singlet at δ 8.38. The benzylic proton H4' occurred as a triplet at δ 4.71 (J = 8.6 Hz), which confirmed the regiochemistry of the cycloaddition reaction. Otherwise, it would have appeared as a singlet in the 1 H NMR spectrum. The H5' protons of the pyrrolidine moiety were identified as two triplets at δ 3.44 (J = 8.6 Hz) and δ 3.78 (J = 8.5 Hz). The carbonyl vicinal protons were identified as a doublet at δ 2.34 (J = 14.6 Hz, H4a) and an overlapping signal at δ 1.83 (m, H4b), and the H5 proton was located at δ 2.00 (m).
The 13 C NMR spectrum showed two spiro carbons at δ 64.33 (C2) and δ 80.14 (C2'), and the amide and cyclohexanone carbonyl carbons at δ 179.95 (C2") and δ 212.93 (C3), respectively. The signals at δ 35.19, 41.60 and 53.67 correspond to the carbons of C1, C5 and C9, respectively, in the cyclohexanone ring. The signal at δ 59.95 was assigned to the carbon of CH 2 (C5') in the pyrrolidine ring based on the heteronuclear multiple quantum coherence (HMQC) spectrum. In the heteronuclear multiple bond coherence (HMBC) spectrum, the correlations between the protons of CH 3 -19 (δ −0.06) to C1, C5 and C9 were readily observed. The HMBC spectrum showed correlations between the characteristic -NCH 3 proton (δ 2.13) and C2' and C5' in the pyrrolidine ring. The protons of CH 2 (C5') correlated with the spiro carbons C2 and C2'. The H4a proton (δ 2.34) exhibited a correlation with the spiro carbon C2. The H4' (δ 4.71) and H5 (δ 2.00) protons correlated with the cyclohexanone carbonyl carbon C3. All of the HMBC correlations confirm the spiro pyrrolidine heterocycle structure of 2a (Fig. 2) . In addition, a suitable crystal of 2d was obtained, and the relative structure of the product 2 was supported by X-ray data analysis. No reaction in this paper involved C-10 and C-13 in the starting steroidal skeleton. Since the angular methyl groups, CH 3 -18 and CH 3 -19, in cholestan-3-one were both initially β-oriented, the absolute configuration of 2 was further established as 2R, 5S, 8R, 9S, 10S, 13R, 14S, 17R, 20R, 2'R and 4'R, which is shown in Scheme 1 and Figs. 2 and 3.
Conclusion
An efficient synthesis of ring A steroidal spiro-oxindoles from the starting material cholestan-3-one was established by a 1:3 dipolar cycloaddition reaction in a catalyst-free, onepot procedure. The dipolarophile, cholestan-3-one containing substituent arylidenes, was obtained by an efficient ClaisenSchmidt reaction of cholestan-3-one and an aromatic aldehyde. The dipole, azomethine ylid, was generated in situ from isatin and sarcosine. The regioselectivity of this reaction was established by single-crystal X-ray diffraction. This work provides a facile strategy for transforming 3-ketosteroids and allows for further modifications to other steroidal skeleta.
Experimental
All chemical reagents were obtained from commercial suppliers and were used without further purification. All solvents were dried and redistilled before use. TLC analysis was performed with silica gel GF254 plates. Column chromatography was carried out using silica gel (200-300 mesh). All NMR spectra were recorded on a Bruker AV-II 500 MHz NMR spectrometer, operating at 500 MHz for The crystallographic data for compound 2d are summarised in Table 1 .
Synthesis of arylidene substituted cholestan-3-one dipolarophiles (1a-g); general procedure
A mixture of cholestan-3-one (200 mg, 0.52 mmol) and p-methoxybenzaldehyde (77.5 mg, 0.57 mmol) was dissolved in EtOH (10 mL) and aqueous KOH solution (KOH, 290 mg, 5.2 mmol, 2 mL) was added. The mixture was stirred at room temperature for 24 h. The reaction mixture was then filtered and washed with 50% aqueous EtOH solution. The residue was dried and identified as pure 1a (234 mg, 92%) by TLC analysis eluted with petroleum ether-ethyl acetate (4:1, v/v). The other arylidene-substituted cholestan-3-one dipolarophiles (1b-g) were similarly prepared from the corresponding aromatic aldehydes with yields of 90-95%. 
2-(4-
Methoxybenzylidene
Synthesis of cholestan-3-one spiro-oxindole derivatives (2a-g);
general procedure A solution of 1a (100 mg, 0.2 mmol) in methanol (4 mL) was treated with isatin (44 mg, 0.3 mmol) and sarcosine (27 mg, 0.3 mmol). The solution was refluxed (approx. 6 h) to afford the cycloadduct. After completion of the reaction, as monitored by TLC analysis eluted with petroleum ether-ethyl acetate (3:1, v/v), the solvent was evaporated under reduced pressure. The residue was subJected to silica gel (50 g) column chromatography and eluted with petroleum ether-ethyl acetate (3:1, v/v) to afford the product 2a (103 mg) in 77 % yield. Using a similar procedure, the other steroidal spiro-oxindoles derivatives (2b-g) were prepared from the corresponding steroidal dipolarophiles (1b-g) with yields in the range 67-82%.
[ [ 75 (m, 2H), 1.55-1.38 (m, 4H), 1.36-1.25 (m, 4H), 1.20-1.07 (m,  7H), 1.03-0.89 (m, 6H), 0.86 (d, J = 6.3 Hz, 9H), 0.78-0.70 (m, 1H) 
2′.2]-1′-Methyl-2′-(indolin-2-one) -4′-(4′′-methylthiophenyl) -tetrahydro-1H-pyrrolo-cholestan-3-one
[2 ′.2] -1′-Methyl-2 ′-(indolin-2-one) -4 ′-(4 ′′-methylphenyl) - tetrahydro-1H-pyrrolo-cholestan-3-
